
use a 9-point, twofold serial dilution standard curve (25 ng/mL to 0.05 ng/mL),
reporting the mean of samples (diluted 1 in 12 before the assay) run in triplicate
(plasmapheresis donors and cross-sectional study) or duplicate (early-to-chronic
transition study). The lower LOD of the assay (1.12 ng/mL after adjustment for
dilution) was calculated by subtracting three times the normalized mean SD
(across the whole set of assays run in the study) from the normalized OD450 of
the “no hepcidin blank” for each plate. Samples returning a reading below LOD
were assigned the value LOD/2 = 0.56 ng/mL; samples returning a value above
the upper limit of the standard curve were assigned the value of the highest
standard (300 ng/mL after adjustment for dilution).

Full details of statistical analyses are given in SI Materials and Methods.
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SI Materials and Methods
Study Subjects. Plasma donor acute virus infection study. Cryo-
preserved sequential plasma samples were obtained (via
Zeptometrix Corporation and SeraCare Life Sciences) from
plasmapheresis donors whowere infected withHIV type-1 (HIV-1)
(n = 12), hepatitis B virus (HBV) (n = 10), or hepatitis C virus
(HCV) (n = 10) upon sample screening at the end of a period of
plasma donation, as described previously (1, 2). All donors had
been seronegative for each virus at the initiation of donation, and
donated plasma typically every 2–5 d over a 1–3 mo period;
therefore, infection likely occurred during the course of plasma
donation. No further data concerning patient characteristics were
available for these subjects. Viral loads were established retro-
spectively, as described previously (2).
Early-to-chronic HIV-1 time course study.Details of study participants
and the number of samples analyzed are given in Tables S1
and S2.

i) In the London cohort, HIV-1–infected male subjects, mostly
of Caucasian ethnicity, who had presented with symptoms of
acute retroviral infection, were recruited by the Mortimer
Market Center for Sexual Health and HIV Research (London,
United Kingdom) and gave written informed consent as part
of a study approved by the National Health Service Camden
and Islington local research ethics committee (LREC 98/60),
as previously described (3). Some study subjects initiated anti-
retroviral therapy (ART) in early infection, whereas others
chose to remain untreated; only samples taken before initia-
tion of ART were included in this time course study. Plasma
samples separated from EDTA blood were collected longitu-
dinally following diagnosis.

ii) In the Beijing cohort, Chinese male subjects diagnosed with
acute HIV-1 infection during 2007/2008 from a prospective
cohort study of men who have sex with men were included.
The study was approved by Beijing Youan Hospital of Cap-
ital Medical University research ethics committee (no.
20061109V1), and all participants provided written informed
consent. Plasma was separated from EDTA blood samples
taken at 1, 2, 4, 8, and 12 wk postseroconversion, and every
3 mo thereafter, as previously described (4, 5).

Cross-sectional study. This study included samples from an over-
lapping set of subjects from the London cohort described above.
For comparison, plasma was separated from control blood
samples [1U Na-heparin (LEO Laboratories Ltd) per mL blood]
collected from 20 healthy male volunteers from Oxford, the
majority of whom were also of Caucasian ethnicity and of similar
age to the HIV-infected subjects at baseline. All blood was
taken with written informed consent in accordance with the
Declaration of Helsinki. Details of study participants are
summarized in Table S3.

Statistical Analyses. Plasma donor acute virus infection study. All sta-
tistical analyses were performed using R statistical language (6)
and the packages fields (7), nlme (8), and lme4 (9).

i) Regarding estimation of time origin, for each plasma donor
panel, longitudinal series were normalized to a time origin,
T0, estimated as described previously (2). Briefly, T0 was
defined as the time point at which the plasma viral load first
exceeded the lower limit of detection (100 copies per mL for
HIV, 200 copies per mL for HBV, and 600 copies per mL

for HCV) and was estimated for each donor using linear
mixed-effects models.

ii) Regarding interpolation curves, cubic spline interpolation
was performed for each subject for each analyte to estimate
values for the days where sample measurements were not
available, using the spline of Forsythe et al. (10). Average
measurements across all subjects for each day were then
calculated. A smoothing spline regression was then applied
to these data, where the amount of smoothness was esti-
mated from the data by generalized cross-validation
(GCV) (11). For viral loads, we calculated average measure-
ments across all samples for each day before applying a
smoothing spline regression, again estimating the amount of
smoothness from the data by GCV.

iii) Regarding assessment of the effect of time relative to T0 on
analyte concentrations, to investigate the behavior of each
analyte over time, all longitudinal data were grouped into
bins from day −5 to T0 and then in 5-d interval bins post-T0.
The range of bins was restricted to the latest point for which
bins contained data from 70% or more of individuals; all
data from before day −5 were grouped into a single bin to
give a baseline estimate against which parameter values
were subsequently compared. Linear mixed-effects models
were fitted on these data following a described model for-
mulation (12) and computational framework (13). Linear
mixed-effects models describe a relationship between a re-
sponse variable (in this case the analyte of interest) and
covariates measured or observed along with the response.
They incorporate both fixed-effects parameters and random
effects: here, the fixed categorical variables (i.e., the 5-d bins)
are modeled by fixed effects, whereas random effects are
used to capture interindividual variability. The Wald test
was used to test the null hypothesis that there is no significant
difference in analyte levels across the set of time-related bins
analyzed; specific pairwise comparisons between analyte levels
at baseline and other time points were then tested by
t tests, after accounting for subject-specific variability.

Early-to-chronic HIV-1 time course study. For the London cohort, the
date of onset of symptoms was recorded. The date of infection was
estimated as 17 d before day of symptom onset, which we assumed
to occur in Fiebig stage 2 (14). For the Beijing cohort, dates of
infection were defined as 17 d before an HIV-1 RNA positive
test occurring before seroconversion, 30 d before the date of an
indeterminate Western blot, or the midpoint between negative
and positive antibody tests.
Set-point viral load was defined as the mean of any log10 viral

load measurements from samples taken between 3 and 12 mo
(day 89–366) of infection for an individual; across the study, the
mean number of plasma viral load measurements taken within
this time window and contributing to the calculation of set-point
plasma viral load was 3.6 (95% CI 3.3–3.9) (Table S2).
Because hepcidin data were not normally distributed, hepcidin

values were log10-transformed before analysis. “Early” hepcidin
was calculated by taking the mean of log10 hepcidin values from
any samples for an individual taken on day 60 postinfection or
earlier. “Set-point” hepcidin was calculated by taking the mean
of log10 hepcidin values from samples taken between 3 and
12 mo postinfection (day 89–366); samples with a coincident C-
reactive protein (CRP) > 5 mg/L were excluded as they likely
reflect an inflammatory episode, potentially unrelated to HIV-1
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infection. Univariate associations with set-point viral load were
tested using Pearson correlations.
Cross-sectional study. Statistical analysis was carried out using Stata11
(StataCorp). Figures were produced using Prism6 (GraphPad

Software, Inc). Indices that were not normally distributed were
log10-transformed before analysis. Pairwise comparisons were
made using Student t test. P < 0.05 was considered significant.
Univariate associations were tested using Pearson’s correlations.
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Fig. S1. Scheme representing the different cohorts involved in this study. Plasma viral load of HIV-1 (represented by the black line) typically peaks between
10 and 15 d postdetection of viremia, before immune control then decreases plasma viral load to a stable threshold (set-point) that varies between individuals.
The level of this set-point is a useful prognostic indicator of progression to AIDS, with higher set-points being associated with more rapid progression. (1) The
kinetics of hepcidin during the acute phase of infection were investigated using a cohort of US plasmapheresis donors. (2) Cohorts of subjects from Beijing and
London who were identified shortly after HIV-1 infection and followed longitudinally were used to investigate the behavior of hepcidin during the transition
from early to chronic infection and the relationship between hepcidin and plasma viral load set-point. (3) Cross-sectional samples from an overlapping set of
subjects from the London cohort were then used to investigate hepcidin and other iron/inflammatory markers compared with uninfected controls during the
chronic phase of infection.

Fig. S2. Interpolated curves summarizing changes in viral load data relative to T0 for (A) HIV-1, (B) HCV, and (C) HBV. Each point represents themean value of data
on each day derived from each panel of plasma donor samples; smoothed curves were interpolated for each dataset as described in Materials and Methods.
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Fig. S3. Time courses of hepcidin and plasma viral load during the transition from acute to chronic HIV-1 infection. Hepcidin was measured in longitudinal
samples obtained from males recently infected with HIV-1 from cohorts in London and Beijing. For a subset of samples, CRP was measured to assess coincidence
of proinflammatory episodes: a, CRP > 5 mg/L; b, CRP < 5 mg/L; u, sample above upper limit of assay and therefore assigned upper limit value; NA, clarifies that
sample was not available for CRP measurement. CRP was not measured for points where there is no annotation on the hepcidin curve.
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Fig. S4. Levels of plasma analytes in healthy controls and individuals with chronic untreated HIV-1 infection. (A) Hepcidin. (B) Ferritin. (C) CRP (hsCRP). (D)
Serum Amyloid A (SAA). (E) IL-10. (F) IL-18. (G) TNF-alpha. (H) IL-6. Statistics (unpaired t test) are based on log-transformed data.
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Fig. S5. Pearson correlations of hepcidin with (A) SAA and (B) Ferritin in HIV-infected and uninfected control individuals. Statistics performed on log-
transformed data. (A) Correlation of log-hepcidin with log-SAA: all individuals together, r = 0.473, P = 0.0005; HIV-infected individuals only, r = 0.423, P =
0.0427; controls only, not significant, P = 0.13. (B) Correlation of log-hepcidin with log-ferritin: all individuals together, r = 0.467, P = 0.0008; uninfected
controls only, r = 0.546, P = 0.0235; HIV-infected individuals only, r = 0.367, P = 0.0422.
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Table S1. Study participants/subjects with early-to-chronic time courses, as presented in Fig. S3

Parameter
Acute-to-chronic

time course, London
Acute-to-chronic time

course, Beijing Acute-to-chronic time course, all

N 7 14 21
Sex, male, % 100 100 100
Age at enrolment, years (95% CI) 34.3 (23.8–44.9), n = 6 33.4 (26.7–40.1) 33.7 (28.6–38.8), n = 20
Set-point log plasma viral load (95% CI)

copies per mL*,†
4.30 (3.15–5.46) 4.31 (3.81–4.82) 4.31 (3.86–4.76)

“Early” hepcidin, day 0–60 (95% CI) ng/mL‡§ 35.3 (16.8–74.4) 58.3 (40.8–83.2), n = 10 47.4 (33.6–66.9), n = 17
Set-point hepcidin, day 89–366 (95% CI) ng/mL‡{ 30.6 (12.0–77.9) 37.5 (27.3–51.6) 35.1 (25.3–48.6)
Day postinfection of first hepcidin reading

(95% CI)*
31.9 (27.0–36.7) 49.0 (39.7–58.3) 43.3 (36.2–50.4)

Day postinfection of final hepcidin reading
(95% CI)

359.3 (114.5–604.1) 384.9 (324.9–445.0) 376.4 (299.9–452.8)

Mean number of samples in time course per
individual (95% CI)

7.4 (5.6–9.3) 5.7 (5.1–6.3) 6.3 (5.6–7.0)

*Arithmetic mean.
†Calculated as the mean of log10-plasma viral loads measured in samples taken between 3 and 12 mo postinfection (day 89–366).
‡Geometric mean; (n = x) refers to number of individuals for whom data were available, if <N.
§
“Early” hepcidin calculated as the geometric mean of hepcidin measurements from any sample taken between day 0 and 60 postinfection.

{Set-point hepcidin calculated as the geometric mean of hepcidin measurements from any sample taken between day 89 and 366 postinfection.

Table S2. Study participants/subjects from Beijing and London early-to-chronic cohorts

Parameter
Acute-to-chronic pVL

correlation study, London
Acute-to-chronic pVL

correlation study, Beijing
Acute-to-chronic pVL
correlation study, all

N 14 32 46
Sex, male, % 100 100 100
Age at enrolment (95% CI), years 33.5 (28.5–38.6), n = 13 32.2 (28.7–35.7) 32.6 (29.8–35.4)
Set-point log plasma viral load (95% CI)

copies per mL*
3.97 (3.33–4.61) 4.33 (4.08–4.59) 4.22 (3.97–4.48)

Number of samples contributing to set-point
pVL calculation

3.2 (2.6–3.8) 3.8 (3.5–4.2) 3.6 (3.3–3.9)

“Early” hepcidin, day 0–60 (95% CI) ng/mL†‡ 35.9 (17.5–73.8), n = 7 58.3 (43.7–77.7), n = 12 48.8 (36.2–65.8), n = 19
Set-point hepcidin, day 89–366 (95% CI) ng/mL†§ 25.3 (15.4–41.6) 31.4 (24.1–40.9), n = 27 29.2 (23.1–36.8), n = 41

*Calculated as the mean of log10-plasma viral loads measured in samples taken between 3 and 12 mo postinfection (day 89–366).
†Geometric mean; (n = x) refers to number of individuals for whom data were available, if <N.
‡
“Early” hepcidin calculated as the geometric mean of hepcidin measurements from any sample taken between day 0 and 60 postinfection.

§Set-point hepcidin calculated as the geometric mean of hepcidin measurements from any sample taken between day 89 and 366 postinfection.

Table S3. Study participants/subjects involved in London cross-sectional study

Group Control, n = 20 Untreated HIV, n = 31 ART-treated HIV, n = 20

Sex male, % 100 100 100
Age, years (95% CI) 33.01 (29.82,36.20) 36.85 (33.85, 39.86) 41.2 (37.64, 44.75)
Plasma viral load (95% CI) cells per mL* NA 36,996 (16,544, 82,731), n = 29 50 (50, 50)
CD4 count, (95% CI) cells per μL ND 528 (428, 628), n = 26 582 (486, 678), n = 18
Hemoglobin, g/dL† ND 14.3 (13.6, 15.0) 14.8 (14.4, 15.3)
Anemia (Hb < 13.0 g/dL) % of group ND 10.3, n = 29 0, n = 20
Time on ART, years (95% CI)† NA NA 1.83 (1.41, 2.24)

NA, not applicable; ND, not done. (n = x) refers to number of individuals for whom data were available. All data refer to the date on
which the cross-sectional sample was taken.
*Geometric mean.
†Arithmetic mean.
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